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Intrarenal hypertonic saline infusions in dogs with thoracic caval
constriction. Intrarenal artery infusions of hypertonic saline can activate
tubuloglomerular feedback (TGF), decreasing renal blood flow (RBF)
and glomeiular filtration rate (GFR). The response to infusion of
hypertonic saline is enhanced by salt depletion and attenuated by salt
loading, but has not previously been investigated in pathophysiological
states where expanded extracellular fluid volume due to salt retention is
associated with avid, renal sodium reabsorption. The renal response
following intrarenal infusions of hypertonic saline was investigated in
five control dogs and eleven dogs with partial constriction of the
thoracic portion of their inferior vena cava, which resulted in salt
retention and the formation of ascites. Intrarenal infusion of hypertonic
saline induced significant reductions in RBF and GFR in both control
and caval constricted dogs. The extent of these reductions were
positively correlated with baseline renal function. An intravenous
infusion of 50 ml/kg of 0.9% sodium chloride, which abolished the
vasoconstrictor response in normal dogs, failed to abolish the decrease
in RBF and GFR in response to intrarenal hypertonic saline infusion in
dogs with ascites which had an initial vasoconstrictor response. We
conclude that the potential for TGF is preserved in early stages of caval
constriction syndrome in dogs, but that this potential activity decreases
when basal renal function decreases.
Tubuloglomerular feedback (TGF) is an intrarenal homeo-
static mechanism whereby increased sodium chloride uptake at
the macula densa causes vasoconstriction of the afferent
arteriole of the same nephron [1—3]. It has been suggested that
the increased metabolic work associated with high solute reab-
sorption in the proximal tubule and in the region of the macula
densa enhances the conversion of ATP to adenosine, which is a
potent vasoconstrictor in the kidney [4, 51. We and others have
suggested previously that intrarenal artery infusions of hyper-
tonic saline decrease renal blood flow (RBF) and glomerular
filtration rate (GFR) in the canine kidney by activation of TGF
[6—8]. Micropuncture observations during intrarenal artery in-
fusions of hypertonic saline confirm that the reductions in RBF
and GFR are due to activation of TGF [91. Further evidence to
support this hypothesis is that inhibition of adenosine receptors
with aminophylline decreases the RBF response to intrarenal
infusions of hypertonic saline in the intact kidney [10].
Studies, using both intra-luminal infusion of solute in micro-
puncture experiments, and intrarenal artery, hypertonic saline
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infusions in the intact kidney, have demonstrated that the
potential for a renal response is dependent on the salt status of
the experimental animal. TGF activity is enhanced by salt
depletion, but attenuated by sodium chloride loading [6, 11].
There is still a paucity of information about TFG in other
situations. It has been shown that acute ureteric obstruction of
one kidney decreases TGF activity in the contralateral kidney
[12], while pregnancy, with its associated volume retention,
does not alter TGF potential [13]. However, little information is
available about its potential in situations where volume expan-
sion and renal sodium retention occur concurrently.
Constriction of the thoracic portion of the inferior vena cava
induces a complex sequence of events that result in salt
retention, increased extracellular fluid volume with the forma-
tion of ascites, and reduction in renal functions [14—16]. It has
been suggested that this syndrome is initiated by a reduction in
cardiac preload rather than increased distal venous pressure as
a similar syndrome results from constriction of the thoracic
portion of the superior vena cava [17]. It is, therefore, analag-
ous to low cardiac output failure, even though cardiac function
is not impaired and changes in renal function occur without
change in renal architecture. We have used this model to test
whether or not the potential for TGF activity is maintained in a
situation in which the kidney is actively conserving sodium
chloride despite an expanded extracellular fluid volume.
Methods
Partial occlusion of the thoracic inferior vena cava was
performed in 13 dogs. Mongrel dogs (15 to 30 kg) were anes-
thetized with sodium pentobarbital (30 mg/kg i.v.) and main-
tained on an i.v. infusion of 3 mg/kg/hr. A cuffed endotracheal
tube was inserted and dogs were artificially ventilated with a
positive pressure respirator pump. Following a thoracic inci-
sion, a two—thirds occlusion of the thoracic portion of the
inferior vena cava was performed following the technique of
Davies and Howell [181. Dogs were allowed to recover and
given a normal diet and water ad libitum for seven days, Eleven
of the thirteen dogs undergoing this procedure developed
ascites by the time of the second surgical procedure and were
further investigated. Two dogs did not develop ascites and have
been excluded.
A control group of five further mongrel dogs were maintained
on a normal diet and water ad libitum until the experiment.
Dogs from both groups were anesthetized with sodium
pentobarbital and catheters, inserted into the femoral artery,
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femoral vein and renal vein, were used for fluid and drug
administration, blood pressure measurement and blood sam-
pling. A noncannulating electromagnetic flow probe (Statham
SP7515, Statham Instruments, Oxnard, California, USA) was
placed around the left renal artery for monitoring RBF using a
Statham SP 2202 flow meter. Both mean blood flow and mean
arterial pressure were recorded on a Hewlett—Packard 7758A
recorder (Hewlett—Packard, Elkhart, Indiana, USA). Two
curved 22-gauge needles, attached to polyvinyl tubing, were
inserted in the renal artery proximal to the flow probe and kept
patent by an infusion of 0.1 mllmin of 0.9% saline. In addition,
the left ureter was cannulated for collection of urine samples.
After surgical preparation, 0.7 pCi of technetium 99 M diethyl-
ene triamine pentacetic acid (DTPA) was injected intravenously
followed by a constant infusion of 0.007 pCi/mm. Plasma
concentrations of DTPA were measured at the midpoint of each
urine collection by gamma scintillation spectrometry. GFR was
estimated from the renal clearance of the DTPA [19].
After 60 minutes, there were four 10 minute periods during
which time baseline RBF, GFR and sodium excretion rate were
measured. In addition, blood for plasma renin activity was
collected from the arterial and renal vein cannulae and imme-
diately placed in chilled tubes containing Na2 EDTA (0.15 ml of
10% solution), put on ice and later centrifuged at 4°C. The
plasma was separated and frozen until subsequent analysis.
After basal measurements were recorded, the left renal artery
plasma sodium concentration was acutely increased by 30
mEq/liter for 10 minutes by infusing hypertonic NaCI (16.2%)
directly into the renal artery using a Harvard 906 syringe pump
with an electronically variable motor as previously described
[6]. The infusion rate was varied in proportion to changes in
RBF to maintain a constant increase in renal arterial plasma
sodium concentration. RBF was recorded at one minute inter-
vals. Urine was collected from S to 10 minutes of the infusion
for measurement of GFR and urinary sodium excretion rate.
Arterial and renal venous blood was drawn for plasma renin
activity after 10 minutes of the hypertonic saline infusion.
Following the hypertonic saline infusion, seven dogs with
Table 1. Effect of thoracic caval constriction on the urinary sodium
excretion rate and renal renin secretion rate before and after
intrarenal infusions of hypertonic saline (mean SD)
Control Caval constrictionN=ll N=7
Sodium excretion rate mEq/min
Baseline 4.0 1.3 0.05 0.017"
After hypertonic saline 218 67 0.62 0•32a,b
Renin secretion rate ng Al/mi/hr
Baseline 494 166 892 455
After hypertonic saline 250 180 654 252
a p < 0.05 (paired comparison to baseline)b P < 0.05 (unpaired comparison to control)
thoracic vena caval constriction and ascites that had an initial
vasoconstrictor response were volume expanded with 50 mllkg
of 0.9% sodium chloride infused intravenously over 60 minutes.
After four further 10 minute periods for measurement of base-
line RBF, GFR and rate of sodium excretion, the intrarenal
hypertonic saline infusion was repeated with the same measure-
ments being made.
Plasma renin activity was measured by radioimmunoassay of
generated angiotensin I [6]. Renin secretion rate (RSR) was cal-
culated by multiplying the arterio-venous difference in plasma
renin activity by renal plasma flow. Renal plasma flow was
calculated from RBF and hematocrit. Urine sodium concentra-
tions were measured by flame photometry.
Results
Following surgical preparation, baseline RBF, GFR, urinary
sodium excretion rate and RSR were measured in five control
dogs and eleven dogs with thoracic caval constriction that had
developed ascites (Fig. I, Table I). Dogs with caval constriction
had evidence of enhanced sodium reabsorption with a 98%
reduction in urinary rate of sodium excretion (Table 1). Mean
baseline RBF was reduced by 62% from 303 56 ml/min in
control dogs to 115 53 ml/min (mean SD) in caval con-
stricted dogs and mean GFR was reduced by 68% from 55.6
7.5 mllmin to 17.5 8.1 mi/mm in control and caval constricted
dogs, respectively (Fig. I).
Both groups of dogs received an intrarenal infusion of
hypertonic saline for ten minutes. This infusion initially caused
a transient increase in RBF followed by a sustained decrease.
The measurement of RBF at 10 minutes and GFR measured
between 5 and 10 minutes indicated significant reductions in
RBF and GFR in both control and caval constricted dogs when
compared to the mean of four baseline measurements (Fig. 1).
The extent of change of both RBF and GFR correlated signifi-
cantly with pre-infusion baseline measurements (Figs. 2 and 3),
with the greatest reductions occurring in dogs with highest
initial values and either no change or modest increases occur-
ring in dogs with lowest values.
In control dogs, intrarenal hypertonic saline infusion induced
a fiftyfold increase in sodium excretion rate and significantly
inhibited renin release (Table 1). In contrast, even though the
hypertonic saline infusion significantly increased urinary so-
dium excretion rate, there was a lesser 12-fold increase and
sodium excretion rate during the hypertonic saline infusion was
two orders of magnitude less than in control dogs.
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Fig. 1. RBF and GFR before and after a 10 mm intrarenal artery
infusion of hypertonic saline in 5 control dogs (—•) and 11 dogs
with thoracic caval constriction that had developed ascizes (O—O).
Symbols are: (*) P < 0.05 paired comparison, () P < 0.05 unpaired
comparison.
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Fig. 2. Relationship between the initial RBF and the change in RBF 10
minutes after an intrarenal artery infusion of hypertonic saline to 5
control (•) and 11 dogs with thoracic caval constriction and ascites
(0).
r= —0.77
P<0.001
Fig. 3. Relationship between the initial GFR and change in GFR
measured from 5 to 10 miii during an intrarenal artery infusion of
hypertonic saline to 5 control dogs (•) and 11 dogs with a thoracic
caval constriction and ascites (0).
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Fig. 4. RBF during an intrarenal artery infusion of hypertonic saline in
groups of dogs before (.—•) and after (x—x) acute loading with 50
mi/kg of 0.9% sodium chloride. A. 5 control dogs. B. 7 dogs with
thoracic caval constriction, ascites, and an initial vasoconstrictor
response to hypertonic saline (mean 5EM).
10 minutes. The changes in RBF have been compared to results
obtained in 5 control dogs undergoing a similar protocol (Fig.
4). In control dogs, loading with intravenous sodium chloride
resulted in a modification of the biphasic RBF response. Prior
to salt loading, there was an initial vasodilation followed by a
sustained vasoconstriction. After salt loading, the early vaso-
dilation was enhanced and the later vasoconstrictor response
was inhibited. In contrast, in the seven dogs with caval con-
striction, the intravenous saline load did not result in any
modification of the RBF response to intrarenal hypertonic
saline.
Discussion
Tubuloglomerular feedback (TGF) is an intrarenal homeo-
static mechanism whereby an increase in salt delivery to the
region of the macula densa initiates an afferent arteriole
vasoconstrictor response to that nephron [2]. Under normal
circumstances, the potential for TGF is enhanced by salt
depletion and minimized by salt loading Iii]. However, its role
in pathophysiological situations where a conserving kidney
causes salt retention and peripheral edema has not been clearly
defined. Assuming that the vasoconstrictor response to an
intrarenal infusion of hypertonic saline is a measure of the
potential for TGF [6—8], the present study has demonstrated a
maintained potential for TGF activity in dogs with expanded
extracellular fluid volume due to thoracic caval constriction.
Furthermore, in those dogs with ascites and an initial vasocon-
strictor response, renal vasoconstriction was not inhibited by
further sodium loading, This suggests that the TGF potential in
caval constriction is not readily modified by further acute
alterations in total body sodium chloride status. However, it is
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After the initial intrarenal artery infusion of hypertonic sa-
line, seven dogs with caval constriction and an initial vasocon-
strictor response received an intravenous infusion of 50 mi/kg of
0.9% sodium chloride over 60 minutes. Subsequently, repeat
basal measurements were recorded for four 10 minute periods
and the intrarenal artery hypertonic saline infusion repeated for
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possible that alternative methods to sodium loading for modi-
fying the TGF response, such as administration of furosemide
or methylxanthines [4, 5, 20], might be able to modify the
response in this pathophysiological state.
The TGF response was originally described in micropuncture
experiments as a single nephron response [1]. However, this
reflex can be activated by any situation associated with en-
hanced solute reabsorption in the region of the macula densa [3,
20, 21]. The vasoconstriction has been attributed to local
release of adenosine [4, 5] and/or angiotensin II [22]. It is
independent of the renal nervous system [23], but is markedly
influenced by the salt status at the time of activation [24], being
suppressed during salt loading and enhanced during salt deple-
tion. It is still unknown whether this modulation is due to
alteration of the afferent or efferent limb of this reflex. It has
been suggested that activation of this response might have a
role in electrolyte conservation in acute tubular necrosis [25] or,
alternatively, could contribute to further ischemia of nephrons
that had been injured by nephrotoxins [26] and could, therefore,
be activated in pathophysiological states associated with im-
paired tubular reabsorption of electrolytes.
The activity of this response has been confirmed in the intact
kidney by the demonstration that intrarenal artery infusion of
hypertonic saline induces vasoconstriction which can be mod-
ified by similar perturbations that modify TGF in the single
nephron [6, 9]. Osswald and co-workers have suggested that
enhancement of active transport mechanisms during sodium
depletion is associated with increased metabolic rate, with a
greater conversion of ATP to adenosine which activates TGF
[5]. If this is true, it would be anticipated that pathophysiolog-
ical states associated with avid salt retention would also en-
hance TGF potential even though extracellular fluid volume is
expanded due to the excess sodium chloride retention. Reduc-
tions in RBF, induced by intrarenal hypertonic saline, would
provide evidence for the integrity of the TGF response. Fur-
thermore, the magnitude of change in RBF would provide a
measure of the extent that TGF can respond to a given external
stimulus.
In the present study, partial constriction of the thoracic
portion of the inferior vena cava was used to induce a situation
in which increased sodium chloride reabsorption by the kidney
is associated with salt conservation to result in most instances
in the formation of peripheral edema and ascites [18]; a situation
that is analagous to pathophysiological states associated with
salt retention, such as heart failure or cirrhosis [17]. In common
with other workers using this model, we observed that thoracic
caval constriction of initial equal severity induced a spectrum of
responses [14—16, 27]. These ranged from two dogs, who did not
develop ascites and had no reduction in initial RBF and GFR to
eleven dogs that had evidence of ascites but variable initial RBF
(Fig. 2) and GFR (Fig. 3). When all the dogs with caval con-
striction and ascites were considered as a single group, baseline
RBF and GFR were approximately 60% of dogs without caval
constriction (Fig. 1) and sodium reabsorption was avid (Table
1). Despite the reduction in basal renal function, intrarenal
hypertonic saline did cause a small but significant decrease in
both RBF and GFR (Fig. 1). This indicates that despite the
expanded extracellular fluid volume, TGF potential was main-
tained in thoracic caval constriction.
Observations of conserved TGF activity in this model of
sodium retention and volume expansion are similar to micro-
puncture studies in pregnant rats [13]. Normal mid-term preg-
nancy is also associated with sodium retention and an expanded
extracellular fluid volume, and the potential for TGF is the same
in pregnant and non-pregnant rats. Thus, extracellular volume
expansion per se does not inhibit TGF. Nephrotoxic serum
nephritis is another model associated with volume expansion
that has been investigated [28]. Nephrotoxic serum nephritis
can be induced as either a two kidney or a one kidney model. In
the former instance, there is an increase in the plasma volume,
in the latter the presence of an undamaged kidney results in no
change in volume. Micropuncture studies indicate that the
potential for TGF is similar between involved kidneys from the
two models and is greater than in the normal kidney of the one
kidney model. These observations confirm that extracellular
fluid volume is not a critical determinant and suggest that an
intrarenal factor is important in regulating TGF activity. The
nature of this factor has not been determined, but experiments
using peritoneal dialysis to change total body chloride but not
plasma volume indicate that chloride rather than volume is
critical [29]. A role for a humoral factor, present in proximal
tubular fluid, is indicated by experiments in which fluid from the
proximal tubule of salt loaded rats is able to inhibit TGF when
infused into tubules of salt deplete rats [30, 31]. Thus, the
experiments in caval constricted dogs in the present study
suggest that generation of this factor is maintained in this
pathophysiological situation.
The potential activity of the TGF reflex in caval constricted
dogs was dependent on renal function prior to its stimulation. In
those dogs with higher basal RBFs and GFRs, there was a
marked TGF response to hypertonic saline, while dogs with
reduced renal function had a minimal response (Figs. 2 and 3).
This spectrum of activity could be due to a number of different
mechanisms. One possibility is that thoracic caval constriction
results in partial activation by TGF to cause a reduction of
baseline renal function. Partial activation would mean that a
further stimulus to TGF would only have a limited response.
Alternatively, there could be the progressive stimulation of
another independent mechanism which depresses both RBF
and the responsiveness of the remaining tubules to TGF.
In sodium—deplete control dogs, sodium chloride loading will
abolish the vasoconstrictor response to hypertonic saline [6, 8].
Similar reductions in TGF potential have also been observed in
the remaining kidney following acute ureteric ligation, where
increased sodium chloride excretion occurs via the remaining
kidney [12]. However, in the caval constricted dog that re-
sponded to hypertonic saline with a renal vasoconstriction
response, a similar sodium chloride load given intravenously
did not modify the change in RBF or GFR. This indicates that
the ability to modify TGF by acutely altering the extracellular
fluid volume is less apparent in caval constricted dogs. This
may have practical implications. It has been suggested that salt
supplementation may help minimize reductions in renal func-
tion in patients receiving amphotericin B therapy due to a
reduced TGF potential [26]. However, such protection may not
be conferred in patients with pathophysiological states associ-
ated with avid salt retention.
In conclusion, the demonstration of TGF in thoracic caval
constricted dogs with ascites and maintained renal function
strongly supports the hypothesis that TGF potential is deter-
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mined by renal tubular reabsorption of salt rather than extra-
cellular fluid volume. Furthermore, in pathophysiological states
associated with avid salt retention, salt loading may not modify
the potential for TGF to a similar extent as in the normal
situation.
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